Introduction
Humic acids are a commercial product contains many nutrients which improve the soil fertility and increasing the phyto-availability of nutrients and consequently affected plant growth and yield. Humic acids particularly is used to remove or decrease the negative effects of mineral fertilizers and some chemicals forms in the soil. So, humic substances have many beneficial effects on soil and consequently on plant growth and are shown highly hormonal activity. These materials not only increase macronutrients contents and ions uptake but also enhance micronutrients of the plant organs (Brunetti et al. 2005 ) . In addition, Montaser et al. (2011) reported that the humic acids (HA) may increase the permeability of plant membranes and enhance the uptake of H umic acids are widely used in agriculture system for high quality plant production, but are these different source acids equally efficient. So, a pot experiment was carried out during two successive summer seasons (2016 and 2017) to study the effect of both individual and combined applications of different three sources of humic acids and either of Ca or Fe on growth and Ca and Fe utilization by sorghum plants, variety Giza 15, under sandy culture condition. Three humic acids isolated from different sources, i.e., clayey soil (HAS); podrite (HAP) and compost (HAC) were used. Each HA was applied at rates of 0, 25, 50, 75 and 100 mg kg -1 refined sand. Either of Ca or Fe was added as acetate form (CH 3 COO) at rates of 0, 25, 50 and 100 mg kg -1 refined sand. The experimental design was a split-split plot design with three replicates. Results showed that, applications of each three HA individually and in combination with Ca or Fe were associated by a significant increases of dry weights of shoots and roots of sorghum plants. The highest dry weights were found in the plants treated by HAC followed by those associated the treatments of HAP. So according the calculated RI (%) values for the mean treatments of different added Ca rates, the estimated dry matter yields of shoots and roots may be arranged as follows: HAC (137.0 and 179.1 %) > HAP (98.84 and 143.0 %) > HAS (98.04 and 84.31 %) respectively. While, the corresponding order with different addition of Fe rates were HAC (114.4 and 217.9 %) > HAP (108.8 and 148.2 %) > HAS (101.1 and 76.99 %) for shoots and roots dry matter yields, respectively. In addition, increasing application rates of HA and Ca or Fe were associated with increases of Ca and Fe uptake by both shoots and roots. The found order of the used HA on the increase of Ca and Fe uptake by shoots and roots of sorghum plants was: HAC > HAP > HAS. Moreover, the uptake of Ca and Fe by shoots was higher than that uptake by roots. On the other hand, increasing application rates of Ca and Fe decreased their utilization rate by sorghum plants. While, increasing application rates of HA were associated by an increase in the utilization rate of Ca and Fe by sorghum plants. Based on the obtained data, may be concluded that the fertilization program of sorghum plants must be include applications of HA especially HAC with Ca and Fe to obtained high quantity and quality of sorghum plants. Also, organic amendments must be used to increase Ca and Fe fertilizers efficiency.
nutrients. Moreover, HA may also improve soil nitrogen uptake and facilitate the uptake of potassium, calcium, magnesium and phosphorus, making these nutrients more mobile and available to plant root systems. Also, humic substances are organic substances of high molecular weights, and they are naturally widespread in aquatic and terrestrial environments. Iron-reducing bacteria can substitute humic substances for Fe(III) as the terminal electron acceptor. The ecological significance of humic acid reduction in natural environments is not well understood (Kappler et al. 2004) . A further understanding of the relation between humic substance reduction and iron is important and requires knowledge about the diversity of microbes that might be responsible for this reduction in sedimentary environments.
Calcium is one of an essential macronutrients; however, its role is elusive. When examining total Ca in plants, the concentration is quite large (mM), but its requirement is that of a micronutrient (μM). Calcium is not usually limiting in field conditions, still there are several defects that can be associated with low levels of this ion, including poor root development, leaf necrosis and curling, blossom end rot, bitter pit, fruit cracking, poor fruit storage, and water soaking. The underlying causes for these effects are not entirely clear; nevertheless, two areas within the cell have been recognized as being important targets. First is the cell wall, where Ca plays a key role in cross-linking acidic pectin residues. The second is the cellular membrane system, where low Ca increases the permeability of the plasma membrane (Hepler, 2005) . Also, iron (Fe) is one of an essential micronutrients for plants. In this concern, Marschner (2012) reported that Fe is most important for the respiration and photosynthesis processes. Iron is also implied in many enzymatic systems like chlorophyll synthesis. The mobility of iron in the plant is very low. Therefore, the species of Fe in the soil environment could be summarized in the following: (1) Fe II in primary minerals; (2) Fe III in secondary minerals, as Fe crystalline minerals and poorly ordered crystalline (hydro) oxides; (3) soluble and exchangeable Fe; and (4) Fe bound to organic matter in soluble or insoluble forms. In addition, iron mobilization was influenced by the complexation of iron to soluble inorganic ligands through iron-binding molecules of low molecular weight called siderophores, which are released from microbes (Lemanceau et al. 2009) or phytosiderophores which are released from graminaceous plant species (Awad et al., 1988 and Awad et al. 1994 ). This process also causes iron to be removed not only from iron minerals but also from organic complexes such as organic acids, phenols, and soil humic substance ligands (Colombo et al. 2014 ).
Sorghum Vulgare var saccharatum, of family Gramineae, commonly called sorghum and also known as great millet, durra, jowari, or milo, is a grass species cultivated for its grain, which is used for food, both for animals and humans, and for ethanol production. Sorghum originated in northern Africa, and is now cultivated widely in tropical and subtropical regions. Sorghum is the world's fifth most important cereal crop after wheat, rice, maize and barley. Sorghum has a variety of uses including food for human consumption, feed grain for livestock and industrial applications such as ethanol production (Delserone, 2008) . Also, FAO (2012) showed that, the area planted to sorghum worldwide has increased by 66 percent over the past 50 years while yield has increased by 244 percent. The leading producers of sorghum bicolor in 2011 were Nigeria (12.6%), India (11.2%), Mexico (11.2%) and the United States (10.0%). Sorghum grows in a wide range of temperature, high altitudes, toxic soils and can recover growth after some drought. It has four features that make it one of the most droughtresistant crops:
• It has a very large root-to-leaf surface area ratio.
• In times of drought, it will roll its leaves to lessen water loss by transpiration.
• If drought continues, it will go into dormancy rather than dying.
• Its leaves are protected by a waxy cuticle.
Thereafter, this pot experiment was carried out using sandy culture to study the effect of both individual and combined applications of different sources and rates of humic acids and either of Ca or Fe on sorghum plants growth and its chemical composition. Also, the role of humic acids on Ca and Fe utilization by sorghum plants was assessment.
Materials and Methods
This study was carried out using sandy culture as a pot experiment in greenhouse at the Ex- 
Humic acids preparation
In this study, three humic acids isolated from different sources were used. The first humic acid (HAS) used in this study was extracted from the clayey soil of Experimental Farm of the Soils, Water and Environment Res. Inst., Agric. Res. Center, Giza, Egypt; the second humic acid (HAP) was isolated from podrite and the third one (HAC) was extracted from compost of clover straw, where each acid was applied at rates of 0, 25, 50, 75 and 100 mg kg -1 sand. These humic acids were extracted, fractionated and purified according to the methods described by Kononova (1966) ; Posner(1966) ; Chen et al. (1978) and Schnitzer and Khan (1978) . The purified humic acids content of C, N, P and H was determined according to Mann and Sounders (1966) ; Bremmes and Mulvaney (1982) and Olsen and Sommers (1982) . Humic acids content of oxygen (O) was calculated by subtracting the content (g kg -1 ) of C, N, P, H, Ca and Fe from the total of 1000. Ash content (%) of these humic acids was estimated by burning the oven dry humic acid at 750 o C for 24 hr ( Holder and Griffith, 1983 ) . The obtained results of the total nutrients and the calculated atomic ratios for the three humic acids arre recorded in Table  1 . Also, the studied humic acids contents of total acidity and some functional groups, i.e. carboxyl (COOH), total-OH, phenolic-OH and alcoholic -OH were determined according to the methods described by Dragunova (1958) ; Kukhareko (1937) and Brooks et al. (1958) and the obtained data are recorded in Table 2 .
Sandy culture preparation
Sand used in this study was taken from desert part of Quessna region, Minufia Governorate. Sand was sieved through a 2 mm sieve, washed by tap water, treated with diluted HCl (6%) and H 2 O 2 (30%) to remove the carbonate and oxidize the organic matter, respectively. The treated sand was washed several times with tap water followed by distilled water up to the sand become free from Cl. The refined sand was air-dried kept for using.
Nutrient solution
The pots were irrigated every two days in the using nutrient solution alternated with tap water at the moisture content of 60 % of water holding capacity. The composition of the complete essential nutrient (normal) solution was: 4 mM KNO 3 , 4 mM Ca(NO 3 ) 2 , 2 mM MgSO 4 , 1.33 mM NaH-2 PO 4 , 100 µM Fe-EDTA, 10 µM MnSO 4 , 30 µM H 3 BO 3 , 1 µM ZnSO 4 , 0.2 µM Na 2 MoO 4 , 0.1 µM CoSO 4 , 0.1 µM NiSO 4 and 0.1 mM NaCl (Agarwala and Chatterjee 1996).
Pot experiment
A 360 plastic pots with 25 cm inter diameter and 20 cm depth were used in this study. Each pot was filled by 3 kg of refined and air-dried sand (sandy culture). Each pot was cultivated by 8 grains of sorghum, the rates of seeds cultivated were taken from Egyptian Ministry of Agriculture recommendations. In 17 May 2016 and 2017, the cultivated pots were irrigated using tap water at 60 % of water holding capacity. The layout of the experiment was a split -split -plot design, with the main plots arranged in a randomize complete block design, with three replicates. After 10 days of planting, the plants of each pot were thinned at 5 plants. After thinning directly, the pots were divided into three main groups (120 pot /main group ) representing the main factor or humic acids ( HAS ; HAP and HAC ) treatments. The pots of each main group were divided into equal five sub groups (24 pot for each sub group) which treated by one application rate of humic acid (0, 25, 50, 75 and 100 mg kg -1 refined sand ). At the same time, the pots of each subgroup were divided into two sub sub groups ( 12 pot / sub sub group ) representing the treatment of Ca and Fe. The pots of each sub sub group were divided into equal four groups ( 3 pot for each group ), where the pots of each final group were treated by one concentration of Ca or Fe. Both Ca and Fe was added as acetate form (CH 3 COO) and at rates of 0, 25, 50 and 100 mg kg -1 refined sand with irrigation water. 
Preparation and analyses of plant samples
At the end of the two seasons (after 65 days of planting), the plants of each treatment were harvested separately from each pot as a whole and separated into shoots and roots. Both shoots and roots of each sample were washed with tap-water and then 2 times with distilled water, air-dried, oven-dried at 70 o C for 48 hours until weight becomes constant and weighted to record the dry weights (g pot -1 ). The plant samples were ground separately to a fine powder in a stainless grinder and stored in plastic bags until analysis. Half g portions of each dried plant sample was digested by a concentrated mixture of H 2 SO 4 + HClO 4 at ( 5 : 0.5 ) ratio according to Chapman and Pratt (1961) . The content of both Ca and Fe was determined in the find plant digests. The calcium was determined by titration method with EDTA standard solution and ammonium perpurity as indicator according to Cottenie et al. (1982) . Also, iron content was measured using Perkin Elmer atomic absorption, spectrophotometer model 2830.
The assessment of the studied parameters
Relative increase percentage (RI) of the obtained dry matter yields of sorghum plants (shoots and roots) as affected by the studied treatments was calculated by the following equation:-RI= [(dry matter yield of treated plants -dry matter yield of untreated plants)/ dry matter yield of untreated plants] ×100
The utilization rate for Ca and Fe application by shoots and roots of sorghum plants were fertilized by different three sources of humic acids may be calculated using the following equation: (Fouda et al. 2013) .
where : SU (%) = Ca or Fe utilization rate. PS T = Ca or Fe uptake (mg pot -1 ) by treated plants at different application rates. Tables 3 & 4 and Fig. 1 & 2 show, the effect of individual applications of Ca on dry matter yield of sorghum (shoots and roots) plants and their relative increase (RI, %). The dry matter yields of both shoots and roots increased significantly with the increase rate of added Ca, so RI (%) values were increased and become more positive at high rates of added Ca. For example RI increased from 37.68 % at rate of 25 mg Ca kg-1 to 105.71 % at rate of 100 mg Ca kg-1 for shoots dry matter yield and increased from10.30 % to 68.91 % with the increase of added Ca from 25 to 100 mg kg-1 for roots dry matter yield. Also, data in the same table showed that, at the same application rate of Ca, the dry matter yield of shoots was higher than that of roots. The significant increase effect of Ca on plant growth resulted from crosslinking acidic pectin residues. Also, Ca is the cellular membrane system, where low it increases the permeability of the plasma membrane ( Hepler, 2005 and Marschner, 2012) . In this respect Tuna et al. (2007) and Mohamed (2012) obtained on similar results.
Data in
In addition, combined applications of both humic acids (HAS, HAP and HAC) and Ca at different rates resulted in a significant increases of sorghum (shoots and roots) plants dry matter yield (g pot-1) compared with their individual applications (Tables, 3 and 4) . These findings may be cleared and supported by calculated RI (%) values, where these values were increased with the increase rate of added humic acids and Ca. The found increases of dry matter yields of sorghum plants as a result of humic acids and Ca application together resulted from their effect on plant growth by increasing enzymes activity and metabolic processes and also to improve growth media conditions as premeditation by many investigators (Nardi et al., 2002; Marschner, 2012 and Mohamed, 2012) . In all combined treatments of humic acids and calcium, dry matter yields of shoots were higher than those roots. At the same treatment of humic acid and Ca, RI (%) of shoots dry matter yield was higher than that of roots. This trend means that, shoots of sorghum plants appeared high response to different applications of humic acids and Ca higher than that found with the roots. Within the combined treatments of humic acids and Ca there are clear variations in the obtained dry matter yields of both shoots and roots affected by the source of added humic acid, where the highest yields and relative increase were found in the plants treated by HAC and the lowest values were found in the plants treated by HAS. This trend showed the clear effect of humic acid chemical composition on plant growth (Thah et al., 2006; Hussein & Hassan, 2011 and Turan et al., 2011 The data were exposed to statistical analysis according to Gomez and Gomez (1984) . The significant differences among means were tested using the least significant differences (L.S.D.) at 5 % level of significant error.
Results and Discussion

Effect of different sources and rates of humic acids and four application rates of Ca and Fe on:
Dry matter yield of sorghum plants Data in Tables 3 to 6 and Fig. 1 to 4 show, the dry matter yield (g pot-1) of sorghum plants (shoots and roots) and their relative increases (RI, %). Increasing rates of added humic acids were associated by a significant increases of both roots and shoots dry matter yield under different application rates of Ca and Fe. The found increases in dry matter yield of sorghum as a result of humic acids applications widely varied according to the added humic acid resource. According to the found dry matter yield and their relative increase (RI ,%) in the plants treated only with humic acids, the used humic acids takes the order: HAC = HAP > HAS for shoots and was HAC > HAP > HAS for roots (based on the mean values of the used humic acids applications in the two growing seasons). This order was cleared from the calculated values of relative increases (RI) of dry matter yields of sorghum (shoots and roots) plants as a results of humic acids application, where the highest positive values of RI (%) were found in the plants treated with HAC followed by these found in the plants treated with HAP. These increase of sorghum (shoots and roots) dry matter yield mainly resulted from many essential macroand micronutrients presented in the used humic acids (Tables, 1 and 2 ) and also to their effect on improving growth media. The same significant increase effect of humic acid applications on the dry matter yield was reported by many investigators such as Morard et al. (2011) on various plant species; Mohamed (2012) on maize; Nada and Tantawy (2012) on tomato and Abd El-Kader (2016) on wheat. With all individual treatments of humic acids, the dry matter yields (g pot-1) for shoots were higher than those of roots (Tables 3  to 6 ). Tables 5 & 6 and Fig. 3 & 4 showed that, the combined effect of three humic acids varied in their resources and Fe at different application rates on both dry matter yield (g pot-1) of sorghum plants ( shoots and roots) and their relative increase (RI, %). These data showed a significant increase of the found dry matter yield of sorghum plants and its relative increase as a result of humic acids and Fe application together. The high yields of dry matter of sorghum plants were found at high application rates of humic acid and Fe, where the highest values were found in the plants treated by HAC with Fe, but the lowest values were found in the plants treated by HAS with Fe. In this respect, Taha et al. (2006) ; Alhendawi et al. (2008) ; Eisa and Taha (2010) and Colombo et al. (2014) obtained on similar results.
M. M. HAMAD AND MANAL F. A. TANTAWY
Individual applications of Fe effect on sorghum plants (shoots and roots) calculated as g pot-1 have a significant increases as shown in Table  5 and Fig. 3 & 4 . These increases were more clear at high rates of added Fe as shown from the calculated RI (%) values for both shoots and roots (Table  6 ). At the same rate of Fe applications, dry matter yields of shoots and its RI were higher than those of roots. This trend means that, Fe application have a greater effect on growth compared with that observed with that of roots. The beneficial effect of Fe on yield may be attributed to the enhancement effect of Fe on respiration and photosynthesis processes and many enzymes activities like chlorophyll synthesis. These results are comparable to those reported by Mohammad et al. (2009) Regarding to the specific effect of different individual applications of both Ca and Fe on the dry matter yield (g pot-1) of sorghum plants (shoots and roots) as listed in Tables (3 and 5 ) may be observed that, at the same rates of Ca or Fe , the found dry matter yields of both shoots and roots of sorghum plants treated by Fe were higher than M. M. HAMAD AND MANAL F. A. TANTAWY Table 7 showed that , Ca uptake (mg pot-1) affected by individual and combined applications of the used three humic acids and Ca. These data showed, individual applications of humic acids resulted in a slight increase of Ca uptake by both shoots and roots. On the other hand, significant increase of Ca uptake was resulted from the individual Ca applications. More increases of Ca uptake by shoots and roots of sorghum plants were found in the plants treated by the combined applications of humic acids and Ca. These increase are in harmony with the effect of the studied treatments (humic acids and Ca) on the dry matter yield of sorghum plants either shoots and roots. At the same application rate of humic acid and Ca in combined applications, the highest Ca uptake by shoots and roots was found in the plants treated by HAC followed by that found with HAP application. This order is harmony with the chemical composition of the used humic acids and their content of Ca (Tables, 1 and 2 ). This finding in the current study is supported by Asik et al. (2009); Katkat et al. (2009); Hussein and Hassan (2011) and Mohamed (2012) .
Calcium uptake Data in
Iron uptake
Iron uptake (mg pot-1) by sorghum plants (shoots and roots) affected by individual and combined applications of the used three humic acids and Fe was studied and the obtained data recorded in Table (8). These data showed that, a slight increase of Fe uptake by both shoots and roots as a result of individual applications of humic acids, where the added three humic acids may be arranged according to their effect on Fe uptake by sorghum plants in the following order: HAC > HAP > HAS. This order are in harmony with both the chemical composition of the used humic acids especially their content of Fe (Tables, 1  and 2 ) and their effect on the dry matter yields of sorghum plants (Table, 5 ). Individual applications of Fe resulted in a significant increase of Fe uptake (mg/ pot) by shoots and roots of sorghum plants. These results attributed to high content of soluble Fe in the growth media and its effect on the increase of sorghum dry matter yield. Before that, Lemanceau et al. (2009); Mohammad et al. (2009); Eisa and Taha (2010) and Colombo et al. (2014) obtained on similar results. More increases of Fe uptake by shoots and roots of sorghum plants were observed in the plants treated by humic acids and Fe together. These results are in agreement with those obtained by Mackowiak et al. (2001); Salib (2002); Sanchez et al. (2006); Alhendawi et al. (2008) and Morard et al. (2011) .
Calcium and iron utilization
The presented data in Tables 9 and 10 showed that, the Ca and Fe utilization by shoots and roots of sorghum plants treated by three humic acids at different application rate when its added as alone or in combination with Ca OAC or Fe OAC. Increasing rate of added humic acids resulted in an increases of both Ca and Fe utilization by both shoots and roots of sorghum plants. Such increases attributed to enhanced effect of added humic acids on plant growth and the yields of dry matter yield as mentioned before that by Morard et al. (2011) ; Mohamed (2012) ; Nada and Tantawy (2012) and Abd El-Kader (2016) .
At the same application rate of the used three humic acids, the obtained data pointed the following points: 1) Utilization rates of Ca and Fe with shoots were higher than those found for roots which are in harmony with the found dry matter yields for both shoots and roots, 2) With both shoots and roots, utilization rates of Ca were higher than those obtained for Fe, which may be attributed to the high dry matter yields of sorghum plants (shoots and roots) resulted from Ca applications compared with those resulted from Fe application and 3) According to the found utilization rate of Ca and Fe by both shoots and roots, the used three humic acids takes the order: HAC > HAP > HAS, where this order attributed two main resource's. The first is the chemical composition of these acids and their content of both functional groups and essential plant nutrients (Tables, 1 and 2) , and the second is the effect of the added humic acids on the obtained dry matter yields of sorghum plants. In addition, the obtained data also showed that, utilization rates (%) of both Ca and Fe clearly decreased with the increase rate of added Ca and Fe. This trend was found with both shoots and roots at all application rates of the tested three humic acids. These findings means that, low application rates of Ca and Fe have a high efficiency on their uptake compared with those resulted from the high application rates. Such increments were obtained by Hepler (2005) ; Taha et al. (2006) ; Katkat et al. (2009) and Eisa and Taha (2010) .
Conclusion
This study emphasized the great importance of the appropriate role of humic acids especially HAC in enhancing growth yield and promotes the uptake of Ca and Fe nutrients by sorghum plant under the grown on sandy culture. The interaction effect between humic acids and either of Ca or Fe application increased both sorghum yield quantity and quality. The best treatment is applying HAC at rate 100 mg kg-1 + Ca rate 100 mg kg-1 followed by HAC at rate 100 mg kg-1 + Fe rate 100 mg kg-1. 
